Abstract
INTRODUCTION
Cholecystectomy is among the most commonly performed surgical procedures worldwide, principally indicated in patients with symptomatic gallstone-associated disease. Approximately 5.5 million people in the United Kingdom have gallstones [1] , with 70000 undergoing operative intervention each year in the United Kingdom [2] . The indication for cholecystectomy is usually benign disease, though the histology can reveal incidental premalignant or malignant gallbladder pathology warranting appropriate further surgical resection.
Incidental gallbladder malignancies are rare in the United Kingdom with reported rates between 0.17%-0.81% of cholecystectomy resected specimens [3] [4] [5] [6] . Further revision surgery with curative intent is generally indicated in those without metastatic disease and tumour staging worse than T1a. Potentially curative resection may be offered in up to 50% of patients with incidental gallbladder malignancy post-cholecystectomy, however, some of these patients are ultimately found to have unresectable or metastatic disease at the time of laparotomy [7, 8] .
Recognised premalignant conditions leading to gallbladder carcinoma include gallbladder dysplasia and those arising from adenomatous polyps [9] . Dysplastic changes are often difficult to predict pre-operatively due to absence of macroscopic abnormalities detectable on imaging, hence emphasizing need to histologically examine all gallbladders resected [9] . Strategies for gallbladder polyp surveillance and indications for operative management have been previously recommended, however this remains a controversial topic with widely varied practice in reality [10, 11] . Some authors have advocated selective, rather than routine, histopathological analysis of resected gallbladders, primarily due to rarity of incidental disease, financial implications and time burden on histopathology departments [4] [5] [6] 12] . Others have suggested macroscopic examination of resected gallbladders intra-operatively, to determine whether further histological analysis is required depending on presence of suspicious macroscopic lesions or significant patient risk factors for gallbladder cancer [4] . The primary aim of this study was to review the range of histopathology detected in the largest United Kingdom series of routine cholecystectomy specimens from a single centre teaching hospital, in particular pre-malignant and malignant pathology. Secondary aims were to further analyse patients with incidental gallbladder malignancy, dysplasia and polyps and to make recommendations for future practice and necessity of routine histological examination of gallbladder specimens.
MATERIALS AND METHODS
This descriptive study was designed as a retrospective review of a database of all gallbladder specimens histopathologically examined at Cambridge University Hospital (Cambridge, United Kingdom) during a five year period between March 2008 and March 2013. This hospital is a tertiary referral centre for management of hepatopancreatobiliary malignancies. Exclusion criteria included gallbladders resected as part of another procedure (e.g., Whipple's resection) and instances where malignancy was strongly suspected pre-operatively, including ultrasonographically suspicious lesions or polyps greater than 1 cm in size. Histology reports were retrospectively analysed for presence of gallbladder disease, including benign and malignant pathology.
Further information was obtained on gallbladders demonstrating incidental gallbladder malignancies, dysplastic changes and polypoid structures including patient demographics, pre-operative symptoms and imaging, operative details, tumour histology and postoperative clinical outcomes. In patients with incidental malignancies, extensive data was collected on staging, tumour type, further resectional surgery and survival time. Survival times were calculated from time of cholecystectomy to date of death or latest follow up. In those with detected dysplasia, additional data were collected, including type of dysplasia, presence of tumour foci and associated risk factors (e.g., primary sclerosing cholangitis). For gallbladder specimens containing polyps, further information was obtained including uptake into our gallbladder surveillance programme, polyp type, size and number, preoperative ultrasonography findings and indications for surgery. Hospital electronic medical records and patient hard copy notes were used to extract relevant data.
Statistical analysis were performed using Statistical Package for the Social Sciences (SPSS Windows Ver sion 22.0, Chicago, IL, United States) with a P-value less than 0.05 representing statistical significance. Continuous data analysed was described with median values accompanied with ranges [Median (range)].
RESULTS
A total of 4027 resected gallbladders from elective and emergency cholecystectomies were examined by the histopathology department at Addenbrooke's Hospital in the 5 years period studied. Overall, we report an incidental gallbladder invasive adenocarcinoma rate of 0.15% (6/4027) and one gallbladder demonstrating carcinoma-in-situ (0.02%, 1/4027). The majority of resected specimens exhibited gallstone or cholecystitis related disease. Table 1 displays the range of histopathological findings demonstrated from our patient sample.
Gall bladder carcinoma
Primary invasive gallbladder adenocarcinoma was identified in 6 patients with a median age of 66.5 years (range 45-71) and a female majority (5/6) ( Figure 1 is an illustration of typical macroscopic and microscopic appearances of a gallbladder cancer specimen). All but one patient (5/6) had co-existing cholelithiasis on pre-operative ultrasonography, while half (3/6) had ultrasonography evident thickened gallbladder walls consistent with cholecystitis. All patients were symptomatic with right upper quadrant pain pre-operatively, however none presented with a palpable mass, clinical jaundice or weight loss. In none of these patients was gallbladder malignancy considered a potential differential diagnosis on decision to perform a cholecystectomy. Surgery in 4 of these of these cases were reported as more challenging than usual, but not in the other 2, which were both reported as macroscopically normal from histopathological examination, but microscopic examination revealed T1 disease, one T1a and the other T1b. Otherwise, tumour staging varied significantly with T3 disease the most advanced. To present date, 3 patients have died from progressive metastatic disease with a postcholecystectomy mean survival time of 20.6 mo.
A single case of carcinoma-in-situ (0.02%, 1/4027) was identified in a 66yearold gentleman with known gallstones. No lesion was identified on macroscopic examination, however microscopic analysis revealed foci of adenocarcinoma within surrounding extensive high grade dysplasia. Further details of all carcinoma patients including operation details and clinical outcome postoperatively are depicted in Table 2 .
Gall bladder dysplasia
The overall incidence rate of gallbladder dysplasia was 1.37% (55/4027) with a wide spectrum of dysplastic changes as illustrated in Table 1 . Median age was 53 years (range 22-82) with the majority of patients being female (85.5%, 47/55). From all 55 cases of dysplasia, 47.3% (26/55) had co-existing gallstone disease on final histology. Primary sclerosing cholangitis was preexistent in 3.6% (2/55) patients. Four gallbladders exhibited multifocal high grade dysplasia from which half LGD: Low grade dysplasia; HGD: High grade dysplasia; AC: Adenocarcinoma.
(2/4) exhibited foci of adenocarcinoma, both previously mentioned in our cancer cohort (Table 2 ). One gallbladder (1.8%, 1/55) demonstrated a tubular adenoma with surrounding focal high grade dysplastic changes. No gallbladder specimen revealed evidence of dysplasia at the cystic duct resection margin.
Gall bladder polyps
Gallbladder polyps were identified in 1.09% (44/4027). The median age was 51 years (range 28-84). Preoperative imaging identified 77.3% (34/44) of these polyps, with a measured median size of 7.4 mm (range 2-13 mm). All but three polyps were cholesterol in nature (93.2%, 41/44). The other three polyps varied in histology including one hyperplastic polyp, one xanthomatous polyp and one tubular adenomatous polyp. None of these polyps exhibited malignant features.
DISCUSSION
This study is the largest United Kingdom series to date evaluating range of histopathology demonstrated from cholecystectomy resected gallbladder specimens. Our main findings include observed overall rates of 0.17% Infiltrative glands within desmoplastic stroma incidental gallbladder adenocarcinomas and 1.37% incidental premalignant gallbladder dysplasia. The most common histology reported in our study was chronic cholecystitis (85.3%).
Incidental gallbladder malignancy identified in cholecystectomy specimens make up the majority of all diagnosed gallbladder cancers [12] . There is a well-documented heterogeneity in the incidence of gallbladder cancer, varying according to various patient demographic factors including worldwide location, ethnicity and age [13] . Along with most of Europe, the United Kingdom is considered a low risk area with an associated low rate of incidental gallbladder malignancies when compared to high risk areas such as India and Japan [14] . Previous United Kingdom studies have reported incidence rates between 0.17%-0.81%, however some of these studies have included gallbladders in which tumour was suspected on preoperative imaging [3] [4] [5] [6] . Our study observed a 0.17% rate of incidental gallbladder malignancies. This relatively low incidence may reflect the ethnicity of our study population with a strong European-Caucasian representation as only one patient from all carcinoma and dysplasia-revealing gallbladders was non-Caucasian in ethnicity (Indian). Furthermore, those patients in whom gallbladder malignancy was strongly suspected on preoperative imaging were strictly excluded from our study and this may have contributed further to the low incidence rate.
Chronic gallstonerelated irritation is a known significant risk factor for dysplastic changes and develo pment of carcinoma [15] . Increased gallstone weight, number and volume have also been associated with an increased risk of gallbladder cancer [16] . In this study, 6 out of the 7 carcinoma patients had co-existing gallstones.
In contrast, only 47.3% of dysplastic gallbladders demonstrated final histology cholelithiasis, perhaps implying other pathogenesis factors involved in development of gallbladder dysplasia. In this regard, 2 patients exhibiting high grade dysplasia had a pre-operative diagnosis of primary sclerosing cholangitis, a known risk factor for gallbladder malignancy with previous reports of up to 30% of resected gallbladders displaying dysplasia/carcinoma pathology [17] . Consistent with this, our policy is to adopt a low threshold in recommending cholecystectomy in patients with primary sclerosing cholangitis presenting with clinical or radiological evidence of gallbladder pathology.
In our institution, routine pre-operative investigations for patients presenting with symptomatic biliary pathology includes the assessment of liver function tests alongside ultrasonographic assessment of the gallbladder and biliary tree. Should these provide any suspicious features then further assessment with cross sectional imaging (CT scan or MRCP) and endoscopic ultrasound are performed, followed by discussion in the regional multi-disciplinary meeting where decision on further management is made.
Six patients in our cohort were identified as having gallbladder carcinoma on post-operative histology (Table  2) , with a median age of 66.5 years. The youngest patient was a 45-year-old female who was found to have T3N1 disease which progressed rapidly with peritoneal spread. None of these were suspected pre-operatively. In 2 of the 6 cases, the preoperative ultrasound identified gallstones within a thin walled gallbladder with the absence of any worrying features to necessitate further investigations. Operative findings for these 2 cases were of thin walled gallbladders (macroscopically normal) and hence gallbladder cancer was not suspected. Postoperative histology described early gallbladder carcinoma (T1a and T1b respectively), despite these microscopic findings, the histopathological examination reported these specimens as macroscopically normal looking. The remaining 4 cases, were identified on pre-and intra-operative examinations as having macroscopic abnormalities. In 3 of these cases, further pre-operative investigations with cross sectional imaging (CT scan) were performed. The CT findings were reported as inflammatory, with the absence of a mass lesion and abnormal lymphadenopathy. Operative findings were of thickened gallbladder walls, while one had an associated abscess in the gallbladder fossa. The clinical suspicion here was of severe inflammatory changes. Although the presence of gallbladder cancer in such cases is always a possibility, the clinical suspicion was low and hence standard cholecystectomy was performed. Post-operative histology identified T2 disease in 2 cases and T3 N1 disease in the remaining case. The final case was of a 70yearold female with pre operative ultrasonography describing a thickened and inflamed gallbladder with calculi; at the time of surgery she was found to have dense adhesions a thickened shrunken gallbladder, as well as a fistulous communication between the gallbladder and the transverse colon. These findings were thought to be inflammatory in nature, however, the diagnosis of gallbladder carcinoma is regarded as a possibility in such cases. An intra-operative decision on whether a simple cholecystectomy or a more radical should be taken. The majority of such cases will ultimately prove to be benign and inflammatory in aetiology. Factors such as pre-operative co-morbidities and the potential stage of disease, should this turn out to be malignant, are taken into account. If clinical suspicion of cancer is high, co-morbidities are limited and the patient is suitable for a potentially curative resection, then frozen section may be performed to confirm the diagnosis and the surgical plan amended as deemed necessary. However, if the patient or tumour factors render potentially curative surgical intervention impossible then a standard cholecystectomy to achieve a tissue diagnosis may be deemed appropriate.
Several United Kingdom papers have recommended selective histopathological analysis of cholecystectomy resected specimens [4] [5] [6] 14] . This recommendation is based on the assumption that incidental gall bladder malignancy is associated with macroscopic lesions which can be identified on examination of the resected gall bladder in the operating theatre. Our study, the largest United Kingdom series to date and the only one with over 3000 patients, demonstrates that this assumption is not reliable, as evidenced by the finding of gallbladder malignancy in macroscopically normal gallbladders, including T1b disease for which revision surgery is generally advocated, on account of published data showing a survival benefit of 3.4 years from radical resection over simple cholecystectomy [18] . The patient with T1b disease underwent further liver segmental resection with lymphadenectomy and is disease free three years later to this day. This is the first United Kingdom series to report a patient with macroscopically occult incidental gallbladder malignancy with no preoperative or intra-operative suspicion of carcinoma who subsequently underwent successful R0 resectional surgery.
A systematic review in 2014 by Jamal et al [14] examined 20 previous studies, including 6 United Kingdom studies, evaluating the necessity of routine histological analysis in macroscopically normal gallbladders. The authors concluded that in gallbladders deemed normal from macroscopic examination by the operating surgeon, selective histological analysis was feasible in the "low risk" European ethnicity under the age of 60 [14] . However, the systematic review did not include a recent histopathology paper by Hayes et al [19] examining gallbladder specimens sent for histology after cholecystectomy. This study reported a striking 50% (5/10) of incidental invasive gallbladder malignancies presenting with no macroscopic abnormalities on histopathologist examination with a mean age of 54.6 years. This proportion of macroscopically occult malignancies in a "low risk" population of that age range challenges the recommendations from Jamal et al [14] recent systematic review. In addition, United Kingdom Royal College of Pathologists 2005 recommendations state that all gallbladders removed for presumed benign disease warrant histological examination in order to ensure no significant subtle pathology is missed from macroscopic examination [20] . Solaini et al [3] in 2014 reported almost 3% incidental neoplastic findings from cholecystectomy gallbladders with inclusion of dysplastic changes and is one of few United Kingdom papers supporting routine histological analysis of all gallbladder specimens. The authors reported dysplasia rates of 2.3% (18/771) with a median age of 45 years in a population with strong Asian ethnicity representation (66%). Our study observed lower rates of dysplastic changes at 1.37% (55/4027) with a higher median age of 53 years, perhaps partly explained by the lack of representation of the Asian population in our study group [21] . Whether the finding of dysplasia is of clinical significance may be debated, but our opinion is that this is not merely academic. Positive cystic duct margins and gross high grade dysplastic changes can indicate further potential pancreatobiliary disease, with further operative exploration warranted in certain circumstances. Bickenbach et al [22] in 2011 reported five cases of high grade dysplasia at the cystic duct resectional margin following cholecystectomy, all of whom subsequently underwent further resectional surgery, either with excision of cystic duct remnant or excision of extrahepatic bile duct. Of these, one patient was found to have adenocarcinoma within the resected cystic duct remnant.
No gallbladders in our study demonstrated cystic duct margin positive disease, however half our cases of multifocal high grade dysplasia had associated foci of adenocarcinoma. In our practice, the finding of high grade dysplasia on the cystic duct margin would warrant further surgical exploration and frozen section of cystic duct margin to ascertain whether further radical resection would be required to ensure R0 resection. Gallbladder polyps are common with a reported incidence rate in a recent multi-ethnic United Kingdom series of 3.3%, with higher rates observed in the Asian ethnic groups [23] . Our series reports a 1.09% (44/4027) incidence of polypoid lesions of the gallbladder, however we excluded all polyps reported as sonographically suspicious of malignancy or more than 1 cm in size prestudy in order to focus on incidental gallbladder pathology. Our largely Caucasian study population may also reflect the observed lower polyp incidence rate. All but one polyp demonstrated benign pseudotumour characteristics, predominantly cholesterol in nature (41/44). We did however observe one true polyp adenoma (1/44, 2.3%) occurring in a 67-year-old male and of 3mm in size, which had been reported as a gallstone on preoperative sonography with biliary colic as indication for surgery. Cairns et al [24] in 2013 examined a large cohort of gallbladder polyps in a United Kingdom population and observed a similar 2.2% incidence rate of adenomas as well as 0.7% adenocarcinoma rate. Although adenomas are histologically benign, there is a well-recognised adenoma-carcinoma path of carcinogenesis to gallbladder malignancy [21] . This has led to polyp surveillance implementation in HPB centres with indications to operatively remove gallbladders displaying polypoid lesions above 1 cm, rapidly growing in size or symptomatic in nature [24] . Marangoni et al [10] surveyed United Kingdom surgeons regarding their practice of gallbladder polyp surveillance with indications for operative management and revealed significant variation and identified a need for formal national guidelines to tackle this area of conflicting opinions. Although polyp surveillance was not analysed in further detail as part of this study, it is our practice to actively monitor polyps with ultrasonography particularly with recent literature to support it is cost effective [24] . In conclusion, our study has demonstrated a broad spectrum of histopathology from examination of cholecystectomy resected gallbladders for preoperatively diagnosed benign gallbladder disease. This is the largest United Kingdom series within the literature and observed 0.17% incidence of primary adenocarcinoma and 1.37% gallbladder dysplasia. The study is the first United Kingdom study to report cases of macroscopically normal gallbladders harbouring adenocarcinoma lesions with subsequent successful R0 resection. We also report a single case of adenocarcinoma in a patient aged 45 years. With over 1% rate of pre-malignant and malignant disease, we conclude that routine histological evaluation of all elective and emergency cholecystectomies is justified in a United Kingdom population and that selective histological evaluation has the potential to miss life threatening gallbladder pathology amenable to subsequent curative surgery.
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Background
Cholecystectomy is among the most commonly performed surgical procedures worldwide. Routine histopathological examination of the resected specimens is usually performed. However, selective histopathological analysis has been proposed in the literature, primarily due to rarity of incidental disease (0.17%-0.81% in the United Kingdom), financial implications and time burden on histopathology departments.
Research frontiers
The authors aimed to analyse the range of histopathology detected in the largest published United Kingdom series of cholecystectomy specimens and to evaluate the rational for selective histopathological analysis.
Innovations and breakthroughs
This large single centre study demonstrated a full range of gallbladder disease from cholecystectomy specimens, including more than 1% neoplastic histology and two cases of macroscopically occult gallbladder malignancies.
Applications
Routine histological evaluation of all elective and emergency cholecystectomies is justified in a United Kingdom population as selective analysis has potential to miss potentially curable life threatening pathology.
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